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A method of determining the risi< of ice deposition due to precipitation 
and an apparatus for exercising the method 

The Invention relates to a method of determining the risk of Ice deposition 
due to precipitation. The Invention Is particularly, but not exclusively intended 
for use In connection with determination of the risk of icing in connection with 
air traffic. 

Such risk may have several consequences. A first consequence is to 
detennlne whether there Is a risk of ice fomnation at all. In the affinnative, the 
air traffic uses anti-icing liquids of various types and concentrations, and now 
said risk may also be an expression of for how long the anti-icing liquid will 
stay effective in the existing weather conditions. This is referred to as 
'holdover time'; In the following designated 'HOT. 

The uncertainty and hence the risk within air traffic is the highest in 
connection with the estimation of HOT. The Intemational alriine organisations 
publish tables that Indicate a time Interval for holdover time for some anti- 
icing liquids and for quite a small number of these the concentrations thereof. 
These tables, the only tool available at present, are associated with two 
major factors of uncertainty. Firstly the time intervals listed in the tables are 
given with large margins, eg a minimum of 30 and a maximum of 60 minutes, 
and secondly the tables can be used only if it is possible to con-ectly estimate 
the precipitation, the tables being divided In accordance with types of 
precipitation, such as eg snow or super-cooled water. The final responsibility 
for the estimation lies with the pilot, le that from within the cockpit, frequently 
In weather conditions such as following winds and through a heavily heated 
slanted window, he is to estimate the type of precipitation and then take a 
stand on the minimum and maximum time Intervals given in the table. 



The very varying types of precipitation that typically occur within the 
temperature range of from 5°C and S^C above freezing point are the cause of 
the longest delays In the airports and often the planes must wait long to 
obtain permission to take off, while the anti-icing liquid is consumed more 
qulcl^ly or slowly in response to the precipitation conditions. 

To date, 141 aircraft accidents have been ascribed to icing with an ensuing 
death toll of 1200. 

It is the object of the invention to provide a method that enables 
determination of the risk of Ice deposition due to precipitation, wherein the 
determination is based on actual measurements rather than the subjective 
estimations resorted to so far in the prior art. 

This object is accomplished by the method exercised In accordance with the 
characterising part of claim 1 . As it Is, a determination of the amount of liquid 
particles cannot be taken to express how much ice will be fonmed, since - by 
the known methods of determining the ratio of liquid to solid particles - it Is 
not possible to distinguish between super-cooled water and ordinary water. 
Moreover, it also applies that the amount of ice deposited on the wing and in 
particular how much anti-icing the precipitation requires depend on the ratio 
of frozen particles in the precipitation to liquid particles. This is due la to 
minor differences in temperature and surface nature between a given 
airplane wing and the measurement apparatus; for which compensation can 
be made by having at one's disposal knowledge of the composition of the 
precipitation. 

By combining the measurements In accordance with the characterising part 
of claim 1 , a complete and objective measurement Is accomplished of the 
conditions that are significant to the estimation of the risk of ice fomiation if 
anti-icing liquid is not used and if anti-icing liquid is used. _ _ 
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The two measurements that are combined according to the invention can 
each be obtained by techniques known per se. For instance, the ratio of 
liquid particles to frozen particles can be detemilned by means of the 
5 technique taught in US patent No. 5 434 778. 

In accordance with a preferred embodiment the actual content of Ice in the 
precipitation is detemnined by means of a measurement of the actual Ice 
formation, eg by means of the technique taught in WO 00/54078, see claim 

10 6^ 

In accordance with one embodiment the temperature of the surface element 
is adjusted to be essentially the temperature of atmospheric air, but 
alternatively the temperature of the surface element can be controlled to 
15 have another predetermined temperature. In this context, parameters such 
as the temperature of the fuel in the wing or that of the sprayed-on anti-icing 
liquid may be of relevance. 

By the apparatus taught in WO 00/54078, a number of surface elements are 
20 rotated at a rate that is to ensure, on the one hand, that the ice is deposited 
and, on the other, that the majority of water drops are flung off. By exercising 
the method as recited in claim 10, it is ensured that the slow rotation does not 
reduce the actual ice formation, and the high rate of rotation ensures that no 
water remains on the rotor before the amount of ice deposited is weighed. 
25 The amount of ice can also be determined in other ways than by weighing. 

Moreover, it is expedient to perform further measurements, eg of the kind 
featured in claims 11 through 13. 

30 It will now be understood that by the invention it Is enabled to obtain a far 
more reliable measurement of the risk of ice fomiation, and by combining 
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this, in accordance with claim 11, with one's knowledge of the type and 
concentration of anti-icing liquid it is possible, in accordance with claim 12, to 
achieve a reliable holdover time HOT. This is, as mentioned earlier on. the 
time during which the anti-icing liquid is able to keep the airplane wings free 
from ice in case of a given amount of anti-icing liquid and in given weather 
conditions. 

It will be understood that, in accordance with the invention, it is now possible 
to indicate a number of minutes for holdover time, optionally a time interval 
with a very small uncertainty margin. 

However, it often applies - in particular within the field of air traffic - that a 
rather conservative approach is employed which will undoubtedly Involve that 
some time will elapse before the pilots get used to having access to a well- 
defined holdover time. Undoubtedly, the well known tables will be consulted 
for some time yet. of which one of the elements of uncertainty was to 
determine the type of precipitation. By exercising the invention as taught In 
claim 1 3, the objective detennination that results from the invention can be 
used to give a reliable indication of the actual composition of the 
precipitation, see the above comments in the context of claim 1 . 

Then the pilots can feel safe in, first of all, verifying that the holdover time 
according to the invention is within the maximum intervals given in the tables 
and. subsequently, in complete confidence use the holdover time according 
to the invention as a reliable, well-defined limit. In accordance with one 
embodiment the overall equivalent amount of liquid precipitation is also 
determined, see claim 3, this figure also being used in case of some of the 
above-referenced known tables. 

Safety being, of course, the top priority, there remains the further aspect that 
the anti-icing liquid is expensive and that it is a waste of^mQney 
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associated with unnecessary pollution to apply more anti-icing liquid than 
needed to obtain safe flying. By exercising the invention as recited in claim 
14 it is possible to determine the concentration of the anti-icing liquid to be 
applied as a function of the desired holdover time. 

Apart from the above advantages, the Invention provides options that present 
completely new perspectives. By combining measurement equipment for 
determining the composition of precipitation with measurement equipment for 
measuring the amount of ice actually deposited. It is now an option to make a 
self-learning expert system as recited in claim 18. According to the invention 
a holdover time Is accomplished that Is far more reliable than the one used 
so far. based on measurements, though, of actual conditions that applied five 
or ten minutes ago at most. The known tables are based on empirical 
conditions that can be registered in a calculation model with some 
parameters being automatically adjustable by comparison of the deposited 
amount of Ice calculated by the calculation model to the amount of ice 
actually measured. Thereby the risk of Ice can be duly predicted. By 
connecting computers in various airports to each other, and by inputting 
meteorological data the model can be expanded to provide, based on 
meteorological data, an estimate of the risk of ice at other airports, and this 
estimate can be compared to the currently measured Ice accumulation at 
these airports, following which a calculation model can be dynamically 
optimised. 

The Invention also relates to an apparatus for exercising the method 
according to claim 1 . The apparatus Is characterised by the configuration 
recited in claim 20. Thereby a considerably more reliable detemfilnatlon of the 
precipitation type Is achieved, meaning that the known tables can be used 
much more reliably. 
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Preferably the apparatus also contains a data storage facility with empirical 
Information on holdover time so as to provide a considerably more reliable 
determination of the actual holdover time, see claim 21 . 

The apparatus may also feature a computer with a mathematical model for 
estimating eg holdover time, wherein the model comprises a number of 
adjustable parameters. By comparing the estimated results to the ones 
actually measured, as recited in claim 22, the parameters can be adjusted, 
whereby a self-learning expert model can be accomplished. 

The Invention also relates to an arrangement as taught in claim 23. 

The Invention will now be explained In further detail by the description that 
follows, reference being made to the drawing, wherein 

Figure 1 shows a known table used In particular In Canada; 

Figure 2 shows a further known table as used la in Europe; 

Figure 3 illustrates how HOT is estimated by the prior art; 

Figure 4 schematically shows the principle of the invention; 

Figure 5 shows an example of the functioning of the calculation unit shown in 
Figure 4; 

Figure 6 shows an embodiment of the invention combined with an expert 
system; 

Figure 7 shows the way in which the embodiment shown in Figure 6 works; 
while /I 
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Figure 8 shows how the invention can be combined with meteorological 
information for predicting the risk of ice. distributed over large distances and 
periods of time. 

5 

Figure 1 shows a table, Transport Canada, June 2002, used for estimating 
HOT. The table is used "reanwards", ie the pilot estimates visibility in statute 
miles (the numbers given in the twelve cells). When the visibility in snow is to 
be estimated it is of significance whether it is light or dark and moreover 

10 temperature plays a part as well. Then another table is used (not shown) that 

indicates intervals for the equivalent amount of water in the precipitation as a 
function of 'heavy/moderate/light'. Then another table is resorted to (not 
shown) that shows Intervals for the equivalent amount of water in the 
precipitation, and and once that is found it is possible to resort to a further 

1 5 table (not shown) for obtaining a time Interval for HOT. 

The method taught In the context of Figure 1 is thus based on an estimate, la 
of the visibility and how light or dark it is. 

20 On 29 July 2002 the National Center of Atmospheric Research published an 
article that explains the scientific reasons why visibility is unsuitable for use 
as decisive parameter as taught in connection with Figure 1 . It follows that 
this estimate is fairly uncertain. 

25 Figure 2 shows another known table indicating HOT time Intervals if one is 
able to categorize the type of precipitation as one of the six types of 
precipitation shown In Figure 2. The table can be used for various 
temperature intervals and for three different mixing ratios for anti-icing liquid. 

30 Figure 3 illustrates the method when the table shown In Figure 2 is used. 
Figure 3 is made to be, in principle, self-explanatory and hence only few 
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comments will be made to Figure 3. Particular attention Is drawn to the fact 
that In Figure 3 three estimates are made. In connection with infonnatlon on 
the current weather being distributed every half hour (METAR). it is 
necessary, in case of sleet, to estimate whether It is light or heavy sleet. 

5 Then this first estimate is converted to an equivalent type of precipitation, 
being In the example light freezing rain. Use of the table as it is gives a 
holdover interval of 15-30 minutes (corresponding to Figure 2, top line under 
the column headed 'light freezing rain'). The upper limit of the time interval is 
thus given to be twice the lower limit, which is not reassuring. Besides the 

10 pilot has to perform the estimate that HOT is to be reduced if the velocity of 
air or humidity of air is deemed to be high and, finally, the pilot has to 
estimate how the precipitation may change, if at all. 

In practice this means that a pilot who drives for take off, typically In following 
15 wind conditions and with heavily slanted and heated window panes, is to be 
able to detemiine what the precipitation consists of (water, snow, sleet, 
supercooled water, etc). In these conditions the pilot must later queue up for 
permission to take off and as time goes by perform an estimate whether the 
anti-icing liquid is still effective, having at his disposal only the very large 
20 margins of uncertainty shown in Figure 2; in adverse conditions the HOT may 
be as small as seven minutes. Therefore accidents will occur when the table 
may Indicate HOT to be as much as 30 minutes. 

The known measurement equipment for measuring the composition of the 
25 precipitation is able to measure drop size and estimate the distribution 
between snow and water, temperatures, dew point, etc., but Is unable to 
distinguish whether a water drop is super-cooled or not, which is crucial In 
the estimation of the risk of ice formation. 

30 The invention considerably reduces the described uncertainty, the invention 
being based on actual measurements rather then dependings^^'SSg©©^ 
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estimations. This will not be explained until the explanation of Figure 3 is 
given. 

Figure 3 is a schematic view of the invention and shows an apparatus 1 
5 known per se for measurement of the density of liquid and frozen particles 
contained In the precipitation and an apparatus 2 for measurement of the 
actual amount of ice deposited by the precipitation. According to the 
invention, these measurement results are combined In a calculator unit that is 
able to produce various output signals such as holdover time, HOT, 

10 ^composition of the precipitation and concentration of anti-icing liquid. The 

calculator unit receives other parameter values, too, such as empirical values 
for HOT in response to the composition of precipitation, types of 
concentration of anti-icing liquid, etc. 

15 As described above, the apparatus for measuring the actual amount of ice in 
the precipitation could be detennined eg by means of the apparatus known 
from WO 00/540078 that is able to provide an exact result of how much is 
accumulated on a standard surface element erected on the airport premises. 
Thereby it can be determined how much of the liquid precipitation is super- 

20 cooled, but it cannot be deduced there from how quickly the anti-icing liquid 
will be consumed since the consumption depends on the type of 
precipitation, see the table shown in Figure 2. Taking one's starting point in 
the empirical tables of holdover time that are based on type of precipitation 
and combining that with an apparatus for measuring the actual ice fomiation, 

25 it is now possible to detemnlne the type of precipitation with great reliability 
and therefore the large margins of uncertainty of the known tables can be 
narrowed and in many cases replaced by a certain number of minutes for 
HOT when the type of concentration of the anti-icing liquid is also entered as 
a parameter in the calculator unit shown in Figure 3. 
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It Is known that a certain degree of conservatism prevails within the aviation 
industry and it is therefore to be expected that a large number of pilots would 
prefer to compare the objective and accurate holdover time according to the 
invention to the teachings of the 'old' tables. As mentioned and as taught by 
5 the Invention an exact definition of the type of precipitation Is also 
accomplished and this can also be read out to the pilot who Is thereby able 
able to refer to the 'old' tables. 

The very high degree of uncertainty that has so far been associated with the 

10 prevention of accidents due to ice deposition has, of course, entailed an 

excess consumption of anti-icing liquid which is both very expensive and also 
a pollutant. By means of the accurate results accomplished by the invention it 
Is also possible to calculate 'backwards', le if as a starting parameter it is 
Informed to the calculator unit that one needs a holdover time of eg 35 
15 minutes, the calculator unit Is able to produce an output signal that defines 
the type and concentration of anti-icing liquid. Figure 5 will show a fairly 
detailed example of the calculation of the requisite type of antl-icing mixture, 
while simultaneously Figure 5 Illustrates how the results from apparatus 1 
and apparatus 2 are combined. 

20 

Figure 5 explains which measurements are typically obtained by apparatus 1 
shown in Figure 4. These measurements alone are associated with the 
drawback that it is not possible to distinguish between rain and super-cooled 
rain, but by combining the measurements from apparatus 1 with 
25 measurements from an apparatus 2 in accordance with the invention, it is 
possible to detenmine the actual amount of ice accumulated, whereby a far 
more reliable estimate of HOT is accomplished compared to what was 
possible with the prior art. It should be noted that the designations 'apparatus 
r and 'apparatus 2' need not necessarily be two physically different 
30 apparatuses; rather they express the measurement principles applied and 
explained in cells 11 and 12, respectively. In Figure 5. It also applies-thatjn 



case of physical movement apparatus 2 is unable to distinguish between very 
fine snow with small adhesive capability and wet snow with correspondingly 
large adhesive capabilities; this difference, however, can easily be 
determined by apparatus 1 on the basis of the difference In reflectivity. The 
5 two measurement principles 1 and 2 therefore complement each other in a 
particularly advantageous manner for achieving a reliable detemnination of 
the type of precipitation, see cell 13. According to a prefenred embodiment, 
the measurements in apparatus 2 are perfonned at different rates of rotation 
for the measurement element in order to further enhance measurement 
10 reliability. As It is, an immediate combination of the measurements made by 
apparatuses 1 and 2 in case of a typical movement of the measurement 
element does not enable distinction between sleet (water/snow) and other 
water and ice-particle mixtures (eg water/hail). This distinction can be 
obtained by perfomiing measurements In apparatus 2 at a number of 
15 different rates of rotation, whereby the different whirl-off characteristics of 
various ice particles and water can be taken into account. The latter 
measurements are illustrated in cell 14, such that in cell 15 an even more 
reliable determination is obtained of the nature of the precipitation. This was 
what was the major problem of the prior art when eg the table shown In 
20 Figure 2 was to be used. When the reliable detemninatlon of type of 
precipitation is combined with the experienced numbers shown in cells 16 
and 17 it is possible to obtain a very reliable detemnination of HOT in cell 18. 
This very reliable determination makes It possible In practice, too, to 
"calculate reanwards", ie when the very accurate HOT Is known in cell 18, it is 
25 possible by combination with the desired durability (cell 19) to infer that If it is 
desired to have a durability of 12 minutes an anti-icing liquid should be in a 
mixture ratio of 88% of anti-icing liquid and 12% of water, see cell 20. 

It Is noted that the values given in connection with the figures serve as 
30 examples only, as a complete set of values is very comprehensive and in 
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practice something that is defined in cooperation with the air traffic 
authorities. 

Figure 6 shows some further advantages of the invention. The calculator unit 
5 mentioned in Figure 3 is now a constituent of a larger computer that 
comprises a mathematical model for estimating an expected result. The 
expected result was compared In the computer to subsequent actual 
measurements of the actual amount of ice formed and in case of a deviation 
an adjustment is automatically perfomied of the parameters of the 

10 mathematical model that will, in this manner, become a self-learning expert 
model. The prerequisite for this to be accomplished Is precisely the 
combination according to the invention: viz that a number of reliable 
measurement results are provided that are entered into the model and that 
exact knowledge is provided about the 'conrect' result used for performing 

15 automatic adjustments of the mathematical model. It will be understood that 
the apparatus for measurement of the actual amount of ice can be elaborated 
on in a variety of ways. For instance it is possible to perform particular 
procedures on various sequences of rotation and temperature in the 
apparatus and subsequent measurement of accumulated amount of ice, Ice 

20 structure, measurement of air resistance, density of the ice, and it is also an 
option to spray the surface element with anti-icing liquid. In practice, not all of 
such measurements can be performed Immediately before each and every 
plane is due for application of anti-icing liquid, when the traffic is dense, but 
these measurements can, when traffic is less dense, contribute to 

25 optimisation of the mathematical model, thereby considerably increasing the 
reliability of the rather short-temned measurements that are performed 
immediately before anti-icing liquid is applied to a plane. 

Figure 7 illustrates how the invention can be used in combination with an 
30 expert system. The functions In cells 21-24 are immediately recognizablejn 
view of the above explanations. Thus cell 25 contains the results that ci 
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achieved by means of the combination unit shown in Figure 4 as was 
explained in the context of Figure 5. Cell 26 contains infomnation on the one 
hand on the most recently calculated result and previously calculated results 
and when this is compared to the absolutely most recent result the 
5 parameters of an expert model can be optimized such that both yet more 
well-defined results are obtained in cell 27 and the option is provided of 
projecting a result eg 20 minutes ahead in time, see cell 28. 

In principle, Figure 8 shows how a global network of infomnation relating to 
10 the risk of icing can be built. According to the invention the calculations can 
be supplemented with meteorological infomnation. Figure 8 schematically 
shows fronts of depressions on their way across the North Sea and the 
computer in one of London's airports 31 now contains exact knowledge of the 
risk of icing and how it was distributed during passage of the fronts. This 
15 information and the meteorological infomnation can be used first in Blllund 32 
and then In Copenhagen 33 where the adjustments that subsequently appear 
at the passage of the front can be used at the airport in Stockholm 34 when 
the fronts pass. 

20 The described considerable improvements in air-traffic safety could not have 
been obtained by means of a known expert system in combination with the 
empirical and very uncertain detenninations of the risk of icing known so far. 
The high degree of accuracy achieved by the invention enables use of 
advanced calculation models to impart reliable values at the individual 

25 airports and such that the reliability can be further enhanced by means of 
measurements perfomned in other airports. 
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Claims 



1. A method of detemnlning the risk of ice deposition due to precipitation, 
characterised in performing 

5 - a measurement for determining the ratio of liquid particles to frozen 
particles contained in the precipitation; and 

- a measurement for detemiining the cun'ent content of ice in the 
precipitation; and 

that the results from said measurements are combined for detemiining the 
10 risk of ice deposition. 

2. A method according to claim 1 . characterised in that the measurement for 
determining the ratio of liquid to frozen particles is detemiined by an optical 
measurement known per se and subsequent calculation. 

15 

3. A method according to claim 2. characterised In that a calculation is 
performed for detemnining the total equivalent liquid amount of precipitation. 

4. A method according to claim 1 , characterised in that the measurement for 
20 determining the actual amount of ice contained in the precipitation is 

performed as a calculation on the basis of dew point measurement. 

5. A method according to claim 2, characterised in that the measurement for 
determining the actual amount of ice contained in the precipitation is 

25 performed as a measurement of actual ice fomiation. 

6. A method according to claim 5, characterised In that the measurement 
comprises provision of a surface element that has a predetemnined surface 
area and is. during a predetemnined period of time, caused to move relative 

30 to the atmospheric air, following which the amount of ice accumulated on the 
surface element during said period of time is measured. 
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7. A method according to claim 5, characterised In that the temperature of 
the surface element is caused to correspond essentially to the temperature of 
the atmosphere. 

5 

8. A method according to claim 5, characterised in that the temperature of 
the surface is caused to have another predetermined temperature during said 
period of time. 

10 9. A method according to any one of claims 6-8, characterised in that, 
following measurement of the accumulated amount of ice, a relative 
movement is briefly provided between the surface element and the 
atmosphere at a rate that considerably exceeds the rate prior to said 
measurement, following which a further measurement of deposited ice is 

15 performed. 

10. A method according to any one of claims 6-9, characterised in that the 
relative rate between the surface element and the atmosphere is controlled 
by controlling the rate of rotation of one or more rotatable surface elements. 

20 

11. A method according to claim 10, characterised in that the adhesive 
capacity of the ice is measured by measurement of the accumulated amount 
of ice following a number of rotations at mutually different rates. 

25 12. A method according to claim 10, characterised in that the air resistance 
between the atmosphere and the ice accumulated on the surface element is 
measured. 



13. A method according to any one of claims 6-12, characterised in that 
30 anti-icing liquid is applied in a predetermined concentration and amount on 
the surface element before the measurements are performed. 
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14. A method according to any one of claims 1-13, and wherein a surface is 
applied with a predetemiined type and concentration of anti-icing liquid, 
characterised in that the risk of ice deposition on the surface is calculated 
on the basis of 

l<nowledge of the type and concentration of the anti-icing liquid; 

l^nowledge of the result of the measurement for detemnining the 
ratio of liquid to solid particles contained in the precipitation; and 

knowledge of the result of the measurement for detemiining the 
current amount of ice contained in the precipitation. 

15. A method according to claim 14. characterised in that the risk is 
calculated and shown as a holdover time. 

16. A method according to claim 14 and wherein manual tables are used to 
estimate holdover time, wherein the tables are grouped according to different 
types of precipitation, characterised in that the knowledge of the cun-ent 
amount of ice contained in the precipitation and the ratio of the precipitation 
of solid to liquid particles Is used for defining the type of precipitation. 

17. A method according to claim 15, characterised in that the concentration 
and anti-icing liquid Is detemiined as a function of holdover time and the 
measured risk of ice deposition. 

18. A method according to any one of claims 1-17, characterised in that an 
expert system is used for the calculations which is configured for being run 
on a computer and configured for being able to estimate the risk of ice 
deposition on the basis of measurements, and configured for receiving 
infomiatlon about the actual amount of Ice accumulated, and. on the basis of 
the difference between the calculated and actual amount of ice, adjusting 
parameters in a calculation model for calculating the deposited arriount of ice. 
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19. A method accortling to claim 18, characterised in that the computer is 
caused to be in communicative connection with other computers that are 
located in different geographical locations; and that the expert system Is 

5 configured for calculating in advance future changes with regard to the risk of 
ice deposition In response to meteorological parameters entered therein. 

20. An apparatus for exercising the method according to claim 1, 
characterised in that the apparatus comprises a combination of 

1 0 - optical means for measuring the reflectivity of precipitation; and 

mechanical means for moving a measuring surface element in 
relation to the air and for measuring the amount of ice accumulated on the 
surface element during a given period of time; and 

electronic means for combining said measurements. 

15 

21. An apparatus for the calculation of holdover time for anti-Icing liquid, 
characterised in that it comprises a data storage for storing infomnation 
about empirical values for holdover time as a function of type of precipitation 
and the concentration of the anti-icing liquid. 

20 

22. An apparatus according to claim 20 or 21, characterised in that it 
comprises a mathematical model for estimating the ice deposition due to 
precipitation; and that the electronic means are configured for comparing the 
estimated values to the actually measured values for the amount of ice and 

25 for adjusting parameters in the model for optimisation thereof. 

23. An arrangement for predicting the risk of Ice deposition due to 
precipitation, characterised in that It comprises a number of apparatuses of 
the kind described in claims 20-22 that are an^anged in different geographical 

30 locations and are configured for receiving meteorological Infomiation about 
the movement of air substances. , ^ 
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0:05-0:10 




Betow 
-3 to -14 


Below 27 
to 7 


100/0 


8:00 


0:20-1:05 


0:15-0:35 


—0:15-0:45 


—0:10-0:30 




75/25 


5:00 


0:20-0:55 


0:15-0:25 




—0:10-0:20 




Below 
-14 to -25 


Below 
7 to-13 


100/0 


8:00 


0:15-0:20 


0:15-0:30 






Below -25 


Below -13 ^ 


100/0 


ISO Type II nuid may be used below -25*'C (-13^F) Provided the freezing point of the 
nuid is at least 7**C (13^ F) below the OAT and the aerodynamic acceptance criteria are 
met. Consider use of ISO Type 1 fluid when ISO Type II fluid cannot be used (see table 3) 
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METAR info 
Tempe- 
rature: 0,1 "C 

METAR Info 
Type of 
precipitation: 
Sleet 



If deemed to 
be light it is 
to be treated 
as light free- 
zing rain 
(first 

estim ate) 
1 



Equivalent type 
of precipitation: 
Light freezing 
rain 



Reference tables 
for HOT as a 
function of the 
temperature 
and one of six 
types of pre- 
cipitation gives 
for Light freezing 
rain above 0 *C 
a durability 
Interval of 1 5 
to 30 minutes. 



Fig. 3 



Reduced 
guiding HOT 
provided wind 
or humidity is 
deemed to be 
high: 5 to 30 
minutes 
(second 
estimate) 



The pilot's esti- ]^ 
mate of the 
weather situa- 
tion in the light 
of visibility frorri 
the cockpit: the 
amount of sleet 
is rather light 
to medium 
(third estimate) 



The number of 
minutes to elapse 
before the pilot 
has to either 
takeoff or go 
back for renewed 
de-icing is deemed 
to be close to the 
lower limit of the 
interval: Herein 
7 minutes 



Apparatus 1 



Apparatus 2 



i 



Combination unit 



Parameters 




Hold Over tirhe 
(HOT) 



Composition of 

precipitation 



Cone, and type of 
anti-icing liquid 



FIG. M 



Computer 



Apparatus 1 



Apparatus 2 



Combination unit 



Model 



Result now 



Projected 
result 



The measure- / 
ments made 
by apparatus 2 
of the weight 
of the amount 
of snow and 
rain that 
settles on the 
surface in case 
of a relatively 
slow move- 
ment: 100 
g/m^/5 min - 2 
mm/time water 
equivalent. 
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The measure- 




The type de- 


ments made by 




termination of 


^innaratus 1 of 




apparatus 1 : 


airborne snow 




Sleet mixture 


\A/iih thp reflec- 

VVIll 1 Hie? l^ilww 




of snow and 


llVliy W aiJj'wi 




rain changed 


cooieo raiu aiivi 




due to the high 


conductivity of 




measurement 


the amount that 




of adhesive 


hits a heated 




capacity oy 


surface and the 




apparatus 2 


temperature of 




into: Sleet mix- 


a second not 




ture of snow 


heated surface 




and super- 




^ cooled rain. 



Further 
measurement 
by apparatus 
2 of the weight 
of the snow 
and the water 
blown or whir- 
led off in case 
of a compara- 
tively quicker 
movement, 
here 25% 



15 
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Foregoing 
type detenni- 
nation chan- 
ged due to 
reasonable 
change in 
weight by the 
quicker mo- 
vement into: 
sleet mixture 
of both snow» 
rain and 
super-cooled 
rain, of which 
75g = 1.5 
. mnVhradheifs 
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Wide 

intervals of 
experience 
for snow 
content on 
the basis of 
visibility of 
snow: 
Visibility 3 
statute mites 
yields 1-2.5 
mnn/hr snow. 



16 



20 



Wide intervals 
of experience 
for durability in 
case of snow 
admixed with 
rain and glaze: 
Here 15-30 
min. 



/ 



Narrow well 
defined HOT 
as a function of 
de-icing 
concentration 
(75%/25% of 
water) and 
amount and 
adhesive 
capacity for the 
now more 
specific three 
componts of 
the precipita- 
tion: snow, rain 
and super- 
cooled rain: 
Here 75g=75% 
of max 100 g, 
so HOT beco- 
mes 25% of 30 
min=8min±2 
min: 6-10 min 
due to weig- 
hing accuracy 
being ±2 g. 
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Necessary de- 
ictng-mixing type 
and concentra- 
tion for achie- 
ving desired 
durability: Here 
12 min is right 
between the 
calculated S min. 
in case of 75% 
de-icing and 
correspondingly 
16 min at 100% 
de-icing, and 
consequently 
necessary de- 
icing is 88% de- 
icing/12 water 



Desired dura- 
bility: Here 12 
min. 
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A 

21 



21 

/ 

Measurements 
by apparatus 1 
of temperature, 
reflectivity and 
conductivity of 
airborne pre- 
cipitation on 
heated surface 
and ensuing 
type of precip- 
itation. 
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Wide experien- 
ce intervals for 
amount of 
precipitation 
on the basis of 
visilibity of 
snow. 
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Wide experien- 
ce intervals for 
durability on 
the basis of 
type of precipi- 
tation and 
temperature 



Base 

containing 
previously 
accomplished 
HOT on the 
specific 
locality as a 
function of 
type and 
adhesive 
capacity of 
precipitation. 
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More well- 
defined HOT 
Interval on 
the specific 
locality when 
measurement 
was 

performed 




More reliable 
de-iclng-mlxture 
type and 
concentration 
for achieving 
desired 

durability on the 
specifi^locality 
at the point in 
time when 
measurement 
was performed 



Projected HOT 
interval on the 
specific locality 
in relation to 
time of 

measurement 
and historic 
values. 



/ 



Requisite de- 
icing-mlxture 
type and 
concentration 
for achieving 
desired 
durability on 
the specific 
locality at 
other points in 
time. 
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FremgangsmSde til bestemmelse af risikoen for afsstning af is som 
f 0lge af nedbor samt apparat til udevelse af fremgangsmaden 

Opfindelsen vedrorer en fremgangsmade til bestemmelse af risikoen for af- 
5 saething af is som folge af nedbar. Opfindelsen er specielt, men ikke udeluk- 
kende, beregnet til brug i forbindelse med bestemmelse af overisningsfaren 1 
forbindelse med flytrafik. 

Den naevnte risiko kan have flere betydnlnger. En forste betydning er at afga- 
10 re, om der overhovedet er risiko for dannelse af is. Hvis dette er tllfaeldet, 

anvendes der i flytrafikken anti-icing vaeske i forskellige typer og koncentratl- 
oner, og naevnte risiko kan herefler ogsa vasre et udtryk for, hvor laenge anti- 
icing vaesken kan holde sig effektiv under de eksisterende vejrforhold. Dette 
betegnes som holdover time, som I det folgende betegnes HOT. 

15 

Usikkerheden og dermed risikoen inden for flytrafikken er storst rforbindelse 
med at vurdere HOT. De internationale luftfartsorganisationer udgiver tabel- 
ler, som for visse anti-icing vaesker og for nogle ganske fa koncentrationer af 
disse angiver et tidsinterval for holdover time. Disse tabeller, som er det ene- 

20 ste man i 0jeblikket har, har to store usikkerhedsmomenter. For det forste er 
tidsintervallet 1 tabellerne opgivet med stor margen. f.eks. minimum 30 og 
maksimum 60 minutter. og for det andet kan tabellerne kun anvendes. hvis 
man kan vurdere nedboren rigtigt, idet tabellerne eropdelt efter nedborstyper 
sasom f.eks. sne eller underafkalet vand. Piloten har det endelige ansvar for 

25 vurderingen, dvs. at han inde fra cockpittet, ofte i medvind og gennem en 
kraftigt opvarmet, skratstillet rude, skal vurdere typen af nedbor og derefter 
foretage en vurdering af minimum og maksimumtiden i tabellen. 

De meget forskellige nedborstyper, som forekommer typisk i temperaturinter- ' 
30 vallet mellem S^'C under og 8**C over frysepunktet. giver anledning til de stor- 
ste forsinkelser i lufthavnene. og flyene ma ofte vente laenge pS starttilladel- 
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se. medens anti-icing vaesken forbruges hurtigere eller langsommere aftisen- 
gig af nedbersforholdene. 

Til data er der registreret 141 flyhavarler som folge af overisning, hvilket liar 
5 l<ostet 1200 mennesl<eliv. 

Formalet med opfindelsen er at angive en fremgangsmade. som gar det mu- 
ligt at bestemme risikoen for afsaetning af is som folge af nedbor, hvor be- 
stemmelsen er baseret pa faktiske malinger i stedet for subjektive skon. som 
10 man hidtil har vasret henvist til ved den kendte teknik. 

Dette formal opnas ved. at fremgangsmaden udaves som angivet i krav 1's 
kendetegnende del. Det forholder sig nemlig saledes, at en bestemmelse af 
maengden af vasskeformige partikler ikke kan tages som udtryk for hvor me- 

15 get is der vil dannes, idet man ved de kendte metoder til bestemmelse af for- 
holdet mellem vaeskeformige og faste partikler ikke kan skelne mellem, hvad 
der er underafkolet vand og almindeligt vand. Endvidere er det ogsa saledes, 
at maengden af is. som afsaettes pa vingen, og specielt hvor meget anti-icing 
hedboren kraever, afhaenger af omfanget af frosne partikler i nedboren i for- 

20 hold til vaeskeformlge partikler. Dette skyldes bl.a. mindre forskelle i tempera- 
tur og overfladebeskaffenhed mellem en given flyvinge og mSleapparatet, 
hvilket der kan kompenseres for ved at have kendskab til sammensaetningen 
af nedboren.^ 

25 Ved at kombinere mSlingerne i henhold til krav 1's kendetegnende del opnSs 
en fuldstaendig og objektiv mdling af de forhold, som har betydning for at vur- 
dere risikoen for dannelse af is, sSvel uden brug af anti-icing vaeske, som 
med brug af anti-icing vasske. 

30 De to malinger, som ifolge opfindelsen kombineres, kan hver for sig opnas 
ved hjaelp af i og for sig kendte teknikker. F.eks. kan forholdet mellem vae- 
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skeformige og frosne partikler bestemmes ved hjaelp af den teknik, der er 
kendt fra USA patent 5 434 778. 

Ved en foretrukken udfcrelsesform bestemmes det aktuelle isindhold i ned- 
5 boren ved hjaelp af en mSling af faktisk isdannelse, f.eks. ved hjaelp af den 
teknik, der er beskrevet i WO 00/54078. jaevnfor krav 6. 

Ved en udforelsesform bringes fladeelementets temperatur til i det vaesentli- 
ge at svare til atmosfaerens temperatur, men altemativt kan fladeelementets 
10 temperatur styres til at have en anden forud bestemt temperatur. I denne 
sammenhaeng kan parametre som temperaturen af braendstoffet i vingen 
eller af den paspr0jtede anti-icing vaaske vaere relevante. 

Ved det fra WO 00/54078 kendte apparat roteres et antal fladeelementer 
15 med en hastighed, som dels skal sikre, at isen afsaettes og dels sikre, at 
storstedelen af vanddrSberne slynges af. Ved at udove fremgangsmaden 
som angivet 1 krav 9 kan man sikre, at den langsomme rotation ikke reduce- 
rer den faktiske isdannelse, og den hoje rotationsshastighed sikrer, at der 
intet vand er tilbage pa rotoren. for den afsatte ismaengde vejes. Ismaengden 
20 kan ogs& bestemmes p§ andre mader end ved vejning. 

Endvidere er det hensigtsmaessigt at foretage yderligere malinger f.eks. af 
den I kravene 11-13 angivne art. 

25 Det vil herefter kunne forstSs, at der ved hjaelp af opfindelsen kan opnas en 
langt mere pdlidelig mating af risikoen for isdannelse, og ved if0lge krav 11 at 
kombinere dette med kendskab til typen og koncentration af anti-icing vaeske 
kan der som angivet i krav 12 opnas en palidelig holdover time HOT. Dette er 
som tidligere naavnt den tid. hvor anti-icing vaesken kan holde flyvingerne isfri 

30 ved en given maengde anti-icing v»ske og under de givne vejrforhold. 
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Det vil kunne forstas, at det ifolge opfindelsen herefter er muligt at angive et 
minuttal for holdover time, eventuelt et tidsinterval med meget lille usikker- 
hedsomrade. 

5 Imidlertid gaelder der ofte. og isaer inden for flytraf ikken, en vis konservatis- 
me, som uden tvivl vil indebaere, at der vil ga nogen tid, Inden piloterne vaen- 
ner sig til at kunne fa en veldef ineret holdover time. Man vil uden tvivl gerne 
nogen tid endnu jaevnfore sig med de gammelkendte tabeller, hvor et af usik- 
kerhedsmomenterne var det at fastsIS typen af nedbor Ved at opfindelsen 
10 udoves som angivet i krav 13 kan den objektive bestemmelse, som er resul- 
tatet ved opfindelsen, udnyttes til at give en sikker bestemmelse af hvad 
nedbcren rent faktisk er sammensat af, jasvnfor de ovenstaende kommenta- 
rer i forbindelse med krav 1 . 

16 Piloterne kan herefter fole sig sikre ved. for det forste at konstatere at hold- 
over time ifolge opfindelsen ligger inden for og maksimumintervallet i tabel- 
lerne og derefter med fuld tiltro benytte holdover time ifolge opfindelsen som 
en palidelig veldefineret graense. Ved en udforelsesform bestemmes ogsa 
den samlede aBkvivalente vaeskeformige nedborsriiaBngde, jvf. krav 3. idet 

20 dette tal ogsa benyttes ved visse af de ovennaavnte kendte tabeller. 

Forudsat at sikkerheden naturligvis har hojeste prioritet. er der ogsa det 
aspekt, at anti-icing vaesken er dyr, og at det er spild af penge og forbundet 
med un0dig forurening at pafore mere anti-icing vaeske end der er brug for, 
25 for at kunne opnS sikker flyvning. Ved at opfindelsen udoves som angivet i 
kray 14 er det muligt at bestemme koncentrationen af den anti-icing vaeske, 
der ska! paferes som funktion af den holdover time som cnskes. 

Foruden de ovennaevnte fordele opnas der ved opfindelsen muligheder med 
30 helt nye perspektiver. Ved at kombinere maleudstyr til bestemmelse af ned- 
borens sammenhaang med maleudstyr til mating af den faktisk afsatte 



5 



ismaengde Sbnes der mulighed for at lave et selvlsarende ekspertsystem, 
sdledes som det er beskrevet i krav 18. If0lge opfindelsen opnas en holdover 
time, som er vaesentligt mere palideligt end det. der hidtil har vaeret anvendt. 
men malingen er stadig baseret pa nogle faktiske forhold for 5 hejst 10 
5 minutter siden. De kendte tabeller er baseret pa empiriske forhold, som kan 
indlasgges i en beregningsmodel med nogle parametre^ som kan justeres 
automatisk ved at sammenligne beregningsmodellens beregnede afsatte 
ismadngde med den faktlsk mSlte ismasngde. Denied kan isrislkoen forudsi- 
ges i tid. Ved at forbinde computere i forskellige lufthavne med hinanden, og 
10 ved at indlasse meteorologiske data kan modellen udbygges til, ud fra de me- 
teorologiske data, at give et estimat for isrisikoen i andre lufthavne. og dette 
estimat kan sammenlignes med den faktisk malte isdannelse i disse lufthav- 
ne, hvorefter en beregningsmodel kan optimeres dynamisk. 

15 Opfindelsen angSr ogsa et apparat til udovelse af fremgangsmaden ifolge 
krav 1 . Apparatet er ejendommeligt ved den i krav 20 angivne udformning. 
Derved opnas en vaesentlig mere sikker bestemmelse af nedbarstypen, sa- 
ledes at de kendte tabeller kan benyttes med storre sikkerhed. 

20 Fortrinsvlst indeholder apparatet ogsa et datalager med empiriske informati- 
oner om hold over time, saledes at der kan opnSs en vaesentlig mere sikker 
bestemmelse af den faktiske hold over time, jvf krav 21 . 

Apparatet kan ogsa indeholde en computer med en matematisk model til 
26 estimering af f eks hold over time, hvor modellen omfalter et antal justerbare 
parametre. Ved at sammenligne de estimerede resultater med de faktisk mat- 
te, saledes som det er angivet i krav 22, kan parametrene justeres, saledes 
at der opnas en selvlaerende ekspertmodel. 

30 Opfindelsen angar endvidere et aniaeg som angivet i krav 23. 
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Opfindelsen vil blive naermere forklaret ved den folgende beskrivelse af nogle 
udforelsesformer, idet der henvises til tegningen. hvor 

fig. 1 viser en kendt tabel, som anvendes specielt i Canada 

fig. 2 viser en anden kendt tabel. som bl.a. anvendes i Europe. 

Fig. 3 fllustrerer, hvorledes man ved kendt teknik sksnner HOT 

fig. 4 skematisk viser princippet ifolge opfindelsen 

fig. 5 viser et eksempel pa funktionen i beregningsenheden p& fig. 4 

fig. 6 viser en udforelsesform for opfindelsen kombineret med et ekspertsy- 
stem, 

fig. 7 illustrerer virkemaden for udforelsesformen fra fig. 6, medens 

fig. 8 illustrerer hvorledes opfindelsen kan kombineres med meteorologisk 
information til forudsigelse af isrisiko fordelt over st0rre afstande og tidsrum. 

Fig. 1 viser en tabel Transport Canada, Juni 2002. som benyttes til vurde- 
rings af HOT. Tabellen bruges "baglaens", dvs. at piloten vurderer sigtbarhe- 
den i statute miles (tallene, som angivet i de 12 felter). NSr man skal vurdere 
synligheden 1 sne har det betydning, om det er lyst eller morkt og endvidere 
har temperaturen ogsa en betydning. Tabellen benyttes til at vurdere om sne- 
faldet er "heavy", "moderate" eller "light". Derefter benyttes en anden tabel 
(ikke vist) som angiver intervaller for den askvivalente vandmaengde I nedbo- 
ren, og nar den er fundet kan man endelig i en yderligere tabel (ikke vist) op- 
na et tidsinterval for HOT. 



Den metode, som er forklaret i forbindelse med fig. 1 er altsa baseret pa et 
skon blandt andet over hvor god sigt der er samt et skon over hvor lyst eller 
markt det er. 

Den 29. juli 2002 udgav The National Center for Atmosfaeric research en arti- 
kel. som forklarer de videnskabelige arsager til, at sigten ikke egner sig som 
den afgorende parameter, som beskrevet i forbindelse med fig. 1. Der er alt- 
sa tale om en temmelig usikker vurdering. 

Fig. 2 viser en anden kendt tabel, som angiver HOT tidsintervaller hvis man 
er i stand til at kategorisere nedborstypen som en af de seks typer nedber, 
der er vist pa fig. 2. Tabellen kan benyttes i forskellige temperaturintervaller 
og ved tre forskellige blandingsforhold af anti-icing v8eske. 

Fig. 3 illustrerer fremgangsmSde ved anvendelse af tabellen pa fig, 2. Fig. 3 
er lavet saledes at den i princippet taler for sig selv saledes at der kun vil bli- 
ve knyttet fa kommentarer til fig. 3. Man skal specielt vaere opmaerksom pa, 
at der pS fig. 3 udaves tre skon. I forbindelse med, at det aktuelle vejr oply- 
ses hver halve time (METAR). skal der, i tilfaelde af slud, sk^nnes, om det er 
let eller tung slud. Derefter omsaettes dette forste skon til en aekvivalent ned- 
b0rstype, som i eksemplet er let frysende regn. Den umiddelbare brug af ta- 
bellen giver et holdbarhedsinterval pa 15-30 minutter (svarende til fig. 2 
overste llnie under sojien "light freezing rain"). Tidsintervallets 0vre graense 
er saledes angivet til at vaere det dobbelte af den nedre graense. hvilket ikke 
er betryggende. Derudover skal piloten ud0ve det sksn at HOT skal reduce- 
res hvis vindhastigheden eller luftfugtighed skennes hoj og endelig skal pilo- 
ten sk0nne over hvorledes nedb0ren eventuelt aendrer sig. 

Dette betyder i praksis. at en pilot, som ruller ud til start, typisk i medvind og 
med kraftigt skratstillede og opvarmede ruder skal kunne afg0re hvad nedb0- 
ren bestar af (vand, sne, slud, underafk0let vand m.v.). Under disse forhold 
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skal piloten senere holde i k0 for at fa starttilladelse og som tiden gar foreta- 
ge en vurdering om. antncing vassken stadig er effektiv, idet han kun har de 
meget store usikkerhedsmargener fra fig. 2 at ga ud fra. under ugunstige for- 
hdld kan HOT vaere sa lille som 7 minutter. Derfor forekommer der ulykker 
n^r tabellen kan opgive HOT helt op til 30 minutter. . 

Det kendte maleudstyr til mdling af nedbsrens sammensaetning kan mate 
drdbestorrelse og estimere fordelingen mellem sne og vand. temperaturer 
dugpunkt m.v., men er ikke i stand til at skelne mellem, om en vanddrdbe er 
underafkolet etier ej, hvilket har afg0rende betydning for at kunne vurdere 
risikoen for isdannelse. 

Ved hjaalp af opfindelsen reduceres den beskrevne usikkerhed vaasentligt, 
idet opfindelsen er baseret pa faktiske malinger i stedet for at afhaenge af 
subjektive skon. Dette vil forst blive forklaret i forbindelse med fig. 3. 

Fig: 3 viser opfindelsen skematisk et i og for sig kendt apparat 1 til mSling af 
tastheden af vasskeformige og frosne partikler i nedboren samt et apparat 2 
til maling af den faktiske ismaengde som nedbsren afsaetter. Ifolge opfindel- 
sen kombineres disse maleresultater i en beregningsenhed, som kan give 
forskellige udgangssignaler sasom holdover time, HOT, sammensaetning af 
nedbaren og koncentration af anti-icing vaeske. Beregningsenheden modta- 
ger ogsa andre parametervaerdier, sasom empiriske tal for HOT afhaangig af 
nedb0rssammensa9tningen, typer af koncentration af anti-icing vaaske m.m. 

Som tidligere beskrevet kan apparatet til maling af det aktuetle isindhold i 
nedbaren f.eks. bestemmes med det apparat. der er kendt fra WO 
00/540078. som kan give et eksakt resultat for hvor meget is der afsaettes pa 
et standardfladeelement, som er opstillet pS lufthavnsomradet. Derved kan 
det fastslas, hvor meget af den vaeskeformige nedb0r» der er underafkalet, 
men det kan ikke derud af udledes hvor hurtigt anti-icing vassken vil blive op- 
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brugt fordi forbruget anhaenger af nedbcrstypen jaevnfar tabellen i fig. 2. Ved 
at tage udgangspunkt i de empiriske tabeller for holdover time som baserer 
sig pd nedborstype og kombinerer dette med et apparat til maling af den fak- 
tiske isdannelse er det nu muligt at fastsid nedborstypen med stor sikkerhed 
5 og derfor kan de kendte tabeliers store usikkerhedsmargen indskrasnkes og 1 
mange tilfaelde erstattes af et sikkert minuttal for HOT nSr typen af koncentra- 
tionen af anti-icing vaasken ogsa indlaeses som parameter i beregningsenhe- 
den pa fig. 3. 

10 Det er kendt, at der hersker en vis konservatisme inden for luftfarten og det 
vil derfor vaere forventeligt at mange piloter gerne vil jaevnfsre den objektive 
og nojagtige holdover time if 0lge bpft^ rried hvad de "gamte" tabeller 

siger. Ifolge opf indelsen opnas som naevnt ogsa en eksakt definition af typen 
af nedbor og dette kan ogsa udlseses til at piloten, som derved kan jaevnfore 

15 sIg med de "gamie" tabeller. 

Den rneget store usikkerhed der hidtil har vaeret forbundet med at forhindre 
ulykker pa grund af overisning har naturligvis fcjrt til et overforbrug af anti- 
icing vaeske, som bade er meget dyr og som forurener. Ved hjaelp af de noj- 

20 agtige resultater som opnas ved opfindelsen kan man ogsa "regne baglaens", 
d^ys. hvis man som indgangsparameter til beregningsenheden opiyser at man 
har brug for en holdover time pa f.eks. 35 minutter, sa kan beregningsenhe- 
den frembringe et udgangssignal, som definerer typen og koncentration af 
anti-icing vaeske. Pa fig. 5 vil der blive vist et ret detaljeret eksempel for be- 

25 regning af den nodvendige afisningsblandingstype, idet fig. 5 samtidig illu- 
strerer hvorledes resultaterne fra apparat 1 og apparat 2 kombineres. 

Pa fig. 5 forklares det hvlike malinger der typisk kan opnas ved apparat 1 fra 
fig. 4. Disse malinger alene er forbundet med den ulempe, at man ikke kan 
30 skelne mellem regn og underafkolet regn, men ved ifolge opfindelsen at 

kombinere malingeme fra apparat 1 med malinger fra et apparat 2. som kan 
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bestertime den faktiske maengde af afsat is opnas der en v»sentlig mere 
Sikker vurdering af HOT end det har vaeret mullgt ved den kendte teknik. Det 
skal bemasrkes. betegnelseme apparat 1 og apparal 2 ikke nodvendigvis er 
t6 fysisk forskellige apparater. men er udtryk for de mSleprincipper, der tages 
i brug, og som er forklarel I felterne hhv 11 og 12 p^ fig 6. Det forholder sig 
ogsS sSledes at apparat 2 ved typisk bevaagelse ikke kan skelne mellem me- 
get fin sne med liile vedhaeftningsevne og tosne med tilsvarende stor 
vedheeftningsevne, men denne forskel kan apparat 1 afgore ud fra forskellen 
i refleksionsevne. De to'mSleprincipper 1 og 2 supplerer derfor hinanden pS 
en saerlig fordelagtig made til opndelse af en sikker besjtemmelse af nedbors- 
typen jvf feltet 13. Ved en foretrukken udforelsesform foretages malingerne i 
apparat 2 ved forskellige rotatlonshastigheder for mSleelementet for yderlige- 
re at forbedre malesikkerheden. Det forfiolder sig nemlig saledes, at en 
umlddelbar kombination af apparat 1 og 2's malinger ved en typisk bevaegel- 
se af maleelementet ikke kan skelne mellem slud (vand/sne) og andre vand 
og ispartikelblandinger (f.eks. vand/hagi). Denne skelnen kan opnas ved at 
fdretage milinger i apparat 2 ved flere forskellige rotationstiastigheder hvor- 
ve'd der kan tages hensyn til forskellige ispartiklers og vand forskellige af- 
slyngningskarakteristika. Sidstnaevnte malinger er illustereret i feltet 14, sale- 
des at der i feltet 1 5 opni en endnu mere sikker bestemmelse af hvad ned- 
boren bestar af. Det var det, der ved den kendte teknik var det store problem, 
riSr man skulle anvende f.eks. tabellen i fig. 2. Nar den sikre bestemmelse af 
hedborstype kombineres med erfaringstallene fra felterne 16 og 17 kan der 
Opnas en meget sikker bestemmelse af HOT i feltet 18. Denne meget sikre 
bestemmelse gor det ogs^ i praksis muligt at "regne baglaens", dvs. nar man 
kender den meget najagtige HOT i feltet 18 kan man ved at kombinere det 
med den onskede holdbarhed (felt 19) finde frem til, at hvis man onsker en 
holdbarhed pS 12 minutter skal der benyttes afisningsvaeske i en blanding 
88% afisningsvaeske og 12% vand. jaevnfor feltet 20. 
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Det bemaBrkes, at de vaBrdier, som er angivet i forbindelse med figurerne, 
alene tjener som eksempler. idet et fuldstaendigt saet vaardier er meget omfat- 
tend© og i praksis vil vaere noget, som defineres sammen med luftfartsmyn- 
dighederne. 

5 . : 

Fig. 6 viser nogle yderligere fordele ved opfindelsen. Den beregningsenhed. 
der er omtalt i fig. 3 indgar nu i en ston^e computer, som omfatter en matema- 
tisk model til estimering af et forventet resultat. Det foryentede resultat sam- 
rnenlignedes i computeren med efterfelgende faktiske malinger af den fakti- 

10 ske masngde af dannet is og i tilfaelde af en afvigeise foretages der automa- 
tisk en justering af parametrene i den matematiske model, som pa denne 
iTfade^bliver^en^^^^^ for, at dette kan 

lade sig gore, er netop kombinationen ifelge opfindelsen, altsd at der tilveje- 
bringes nogle sikre maleresultater som kan indlasses 1 modellen, samt at der 

15 tilyejebringes eksakt viden om det "rigtige" resultat, som benyttes til at fore- 
tag@ automatiske justeringer i den matematisike model. Det vil kunne forstas, 
at jipparatet til maling af den faktiske ismasngde kan udbygges pa mange 
mdder. F.eks. kan der laves saerlige procedures pa forskellige rotations- og 
temperaturforlob af fladeelementet i apparatet og fefterfalgende maling af 

20 afsat ismaengde. isstruktur. mSling af luftmodstand, isens massefylde og det 
kan ogsa taenkes at oversprojte fladeelementet med anti-icing vaeske. Ikke 
alle sadanne yderligere malinger vil i praksis kunne foretages umiddelbart for 
hvert eneste fly skal have pSfort anti-icing vaeske, nar der er taet trafik, men 
alle disse malinger kan, nar der er mindre trafik. bidrage til at optimere den 

2§ maternatiske model hvorved palideligheden af de mere kortvarige malinger 
som foretages umiddelbart inden der pafores anti-icing vaeske pa et fly bliver 
vassentligt storre. 

Fig. 7 illustrerer hvorledes opfindelsen kan benyttes sammen med et eks- 
30 pertsystem. Funktionerne i felterne 21-24 kan umiddelbart genkendes fra den 
tidiigere forklaring. I feltet 25 er sSledes indeholdt de resultater, som kan op- 
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has ved hjaelp af kombinationsenheden fra fig. 4 saledes som det er forklaret 
i forbindelse med fig. 5. Feltet 26 indeholder information om dels det senest 
beregnede resultat samt tidligere beregnede resultater og nar dette sam- 
mehholdes med det belt aktuelle resultat kan parametrene 1 en ekspertmodel 
S optifheres sdledes at der bSde opnas endnu mere veldefinerede resultater i 
feltet 27 samt mulighed for fremskrivning af et resultat f.eks. 20 minutter ude 1 
fremtidenjvf feltet 28. 

Fig. 8 viser principlelt hvorledes der kan opbygges et globalt netvaerk af in- 
to formation vedrorende isrislko. Ifolge opfindelsen kan beregningerne supple- 
res med meteorologiske informationer. Fig. 8 viser skematisk lavtryksfronter 
:"~~pS?vej over nordsoen og computeren I en af XofKlon's lufthavne 31 indehol- 
t|6r nu eksakt viden om Isrisikoen og hvorledes den har fordelt sig under fron- 
ternes passage. Denne information samt de meteorologiske informationer 
IB kan benyttes forst i Billund 32 og sa i Kobenhavn 33, hvor de justeringer, 
i Ji^G^^ efterfolgende viser sig ved frontpassagen, kan udnyttes i lufthavnen i 
iStbbkholm 34, nar fronterne passerer. 
• ;• " ■' my:: 

De beskrevne vaesentlige forbedringer af flysikkerheden ville ikke kunne op- 
20 nas ved hjaelp af et kendl ekspertsystem i kombination med de hidtil anvend- 
taempiriske og meget usikre bestemmelser af isrisikoen. Den store nojagtig- 
^hed, der opnas ved opfindelsen muliggor udnyttelse af avancerede bereg- 
ningsmodeller saledes at der kan opnas palidelige vaerdier i den enkelte luft- 
havn, og saledes at dette kan forbedre pSIIdeligheden yderligere med malin- 
^5 'ger i andre lufthavne. 
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il^sFremgangsmade til bestemmelse af risikoen for afsaetning af is som folge 
15 afedbor, k endetegnet ved. at der udfores 

A en .mating til bestemmelse af forholdet mellem vasskeformige og frosne 
'iitt-'patiiMer i nedberen, og 

iO - en mating til bestemmelse af det aktuelle isindhold i nedb0ren, samt 

afrtds^^ fra nasvnte mdlinger kombineres til bestemmelse af risikoen 

; far difsaaithing af is. 

4$: endetegnet ved, atma- 

; :i vJii^Sl^" til bestemmelse af forholdet mellem vaeskeformige og faste partikler 
; : ved en i og for sig kendl optisk mSling og efterfolgende bereg- 



|i : 3j Fremgangsmade if0lge krav 2. k endetegnet ved, at der 
^^^^^ fl^ en beregning til bestemmelse af den samlede askvivalente, vaeske- 
; fprrhige nedborsmaengde. 

■ /ii?^Fremgangsma^ endetegnet ved, at ma- 

§5: lingen til bestemmelse af det aktuelle isindhold i nedboren udfores som en 
beregning pa basis af dugpunktsmaling. 

SfFiremgangsmade if0lge krav 2, k endetegnet ved, at ma- 
lingen til bestemmelse af det aktuelle isindhold 1 nedboren udfares som en 
30 maling af faktlsk Isdannelse. 
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6. Fremgangsmade if0lge krav 5, k endetegnet ved, at ma- 
lingen omfatter tilvejebringelse af et fladeelement, som har et forudbestemt 
pyerfladeareal, og som i lobet af et forudbestemt tidsrum bringes i relativ be- 
veegelse i forhold til den atmosfaeriske luft, hvorefter maengden af is, som er 
at lejret fladeelementet i labet af naBvnte tidsrum, mSles. 

7^*#remgangsmade ifolge krav 5, k endetegnet ved, at fla- 
deetementets lemperatur bringes til i det vaBsentlige at svare til atmosfasrens 
tirn^eratur. 

9- : iremgangsmSde ifolge krav 5, k endetegnet ved, atfla- 
-a^jglementets temperatur bringes til at tempera- 
tgr i l0bet af naevnte tidsrum. 



20 
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9; FremgangsmSde ifolge ethvert af kravene 6-8, kendeteg- 
n e ct ved, at der efler mSling af den afsatte maengde is kortvarigt tilveje- 
bringes en relativ bevaegelse mellem fladeelementet og atmosfaeren ved en 
hastighed. som er vaBsentlig storre end hastigheden forud for nasvnte maling, 
livorefter der udfores en yderligere maling af afsat is. 

10. Fremgangsmade ifolge ethvert af kravene 6-9. kendeteg- 
ins e t ved, at den relative hastighed mellem fladeelementet og atmosfae- 
rgrn. styres ved at styre omdrejningshastigheden for et elier flere roterbare 
fladeelementer. 

11, Fremgangsmade if0lge krav 10, k endetegnet ved, at 
isens vedhaaftningsevne mSles ved, at den afsatte ismaengde males efter et 
antal rotationer med indbyrdes forskellige hastigheder. 
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12, Fremgangsmade ifolge krav 10, kendetegnet ved, at 
luftmodstanden mellem atmosfaeren og den is. der er afsat pa fladeelemen- 
tetv^males. 



Fremgangsmade ifolge ethvert af kravene 6-12, k e n d e - 
t e 9 n e t ved. at der pafores anti-icing vaeske med en forudbestemt 
Concentration og maengde pS fladeelementet, for malingerne foretages. 



II^Br^mgangsmade ifelge ethvert af kravene 1-13, og hvor en overflade pa- 
Mrei$^ forudbestemt type og koncentration af anti-Icing vaeske, k e n - 
:^^er t e g n e t ved, at risikoen for afsastning af is pS overfladen be- 
regnes ud fra 



V V- i^j; kendskabet til typen og koncentrationen af anti-icing vaesken 

r../ : -i -ikendskab til resultatet af malingen til bestemmelse af forholdet mellem 
. jet'HvaBskeformige og faste partikler i nedboren. samt 

^^'^^y ^^ l<endskab til resultatet af malingen til bestemmelse af det aktuelle isind- 
• • I ^hdld i nedbcren. 

.:.4 ^15^^^ kendetegnet ved, at 

r^ l^ ji?^^^^^ beregnes og fremvises som en holdover time. 

:2§v 16. Fremgangsmade ifolge krav 14, og hvor der anvendes manuelle tabeller 
V^^^^ af holdover time, hvor tabellerne er grupperet ifolge forskellige 

-^^^^^^^^^ 3* nedbor. kendetegnet ved, at kendskabet til det 
^>t#lii;^tue>le isindhold og fordelingen af nedberen mellem faste og vaeskeformige 
^i'rMSfif?!''^''^'®'" benyttes til at definere typen af nedbor. 
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17. Fremgangsmade if0lge krav 14. kendetegnet ved, at 
koncentrationen og anti-icing vaeske bestemmes som funktion af holdover 

V llit 

*|ipne og den malte risiko for afsaBtning af is. 

4 XQ' Fremgangsmade Ifolge ethvert af kravene 1-17, kende- 
t e g n e t ved, at der til beregningerne anvendes et ekspertsystem, 
'j sbm er indrettet til at kunne afvikles pS en computer, og som er indrettet til ud 
fratmSlinger at kunne estimere risikoen for afsaetning af is og er indrettet til at 
f^iodtage information om den faktiske afsatte ismaengde samt til pa basis af 
i;(b; fgrskellen mellem den beregnede og faktiske ismaengde at justere parametre 
henjberegningsmodel for beregning af den afsatte ismaengde. 

^ 19, Fremgangsmade if 0lge krav 18, k endetegnet ved. at 
: cpmputeren bringes I kommunikationsforbindelse med andre computere. som 
er anbragt pa geografisk forsketlige steder. og at ekspertsystemet er indrettet 
: tr|r?at fprudberegne kommende forandringer med hensyn til risikoen for afsast- 
^ : . tej^s^^^ af is i afhaengighed at indlaaste meteorologiske parametre. 

20. Apparat til udovelse af fremgangsmaden ifolge krav 1. k e n d e - 
,^:^.':.^:.^e g n e t ved. at apparatet omfatter en kombination af 

; - , optiske midler til maling af refleksionsevnen af nedbor, og 

Z:; mekaniske midler til bevaegelse af et malefladeelement i fbrhold til luften 
25| og til miling af den maengde is som er afsat p& fladeelementet i et givet 
tidsrum. samt 




elektroniske midler til kombination af naevnte malinger. 
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'2i- Apparat til beregning af hold over time for anti-icing vaeske, k e n d e t 
1 S^l 0 g ri e t ved . at det omfatter et datalager til lagring af information cm em- 



^pir'iske veerdier for hold over time som funktion af nedb0rstypiB og styrken af 



anti-icing vaesken. 



^Tj^lj. 22. Apparat ifolge krav 20 eller 21, kendelegnet ved. at det 
J^^^Gjnifatter en matematisk model for estimering af afsaetnlng af is fra nedber og 
i^^^fc^t de elektroniske midler er indrettet til at sammenligne de estimerede vaerdi-^ 
. viiSfcir med faktisk mSlte vaerdier for ismasngden og til at justerer pa parametre i 

^i^^pmodellen for optimering af denne. 



1 $^^f#23; Aniaeg til forudsigelse af risikoen for afssetning af Is fra nedbor k e n d 



H^iiiSie t e g n e t ved , at det omfatter et antal apparater af den i krav 20 - 22 
|an|Wne art. som er anbragte pa forskellige geografiske lokationer og som er 
Iri^rettet til at modtage meteorologiske informationer om luftmassers bevae- 
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OAT 


ISO Type II 
Fluid Concen- 
iration 
Fluid/Water 
(Vol%/Vol y») 


AF^ffROiiwr^^ TIMES ANTICIPATED UNDER VARIOUS \A< 
CONDlf lQNSf ^ ' 

' ^\ ■ ^ ■ (hours: minutes) 


EATHER 






'Frost i 


vFf eezihg 


Show 
(including 
^snow grains) 


"Freezing 
Drizzle 


Light Freezing 
Rain 


Rain on 
cold 
Soaked 
Wing 


Above 0 


Above 32 


100/0 


.?12:00; 


-;6:35fii^. 


b:20-():55 


0:30-0:55 


0:15-0:30 


0:05-0:40 


75/25 


6;0d? 


0:25-1:00l 


0:15-0:40 


0:20-0:45 • 


0:10-0:25 


0:05-0:25 


50/50 


4:0oU^ 


^0:15^0 ^ 
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0:05-0:15 
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32 lo 27 
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,,0:35|^^30S^ 
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0:15-0:30 


75/25 


5:00 
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0:20-0:45 
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50/50 


3 00 


0:^ 5-0:3() 


0:05-0:15 


0:05-0:15 


0:05-0:10 


Below 
•3 to -14 


Below 27 
to 7 


100/0 


8:00/< 


;6!20.1:05 


0:15:0:35 


—0:15-0:45 


—0:10-0:30 


75/25 


5.-00 


0:20-0:55 


0:15-0ii25 


— 0:15-0:30 


— 0:10-0:20 




'Below 
-14 10-25 


Below 
7 IO-13 


100/0 


8:00 


0:15-0:20 


0:15-0:30 






Below .25 


Below M3 


100/0 


ISO Type 11 fluid may be used below -25*^C (>13^F) Provided the freezing point of the 
fluid is at teas! 7**C (13** F) betow the OAT and the aerodynamic acceptance criteria are 
met. Consider use of ISO Type 1 fluid when ISO Type 11 fluid cannot be used (see table 3) 
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METAR oplyscr 
temperatur 0, 1 



METAR opiyser 

nedberstypen 

slud 



Hvis den 
skonnes let skal 
den behandles 
som let frysende 
regn. 

(forste skon) 



itkvivalent 
nedborstype: 
Let frysende 
regn 



Fig. 3 



Vejiedende 
labeller for 
HOT som 
funktion af 
lemperaturen 
og 1 af 6 
nedborstyper 
giver for Let 
frysende regn 
over 0 et 
hodbarhedsin- 
cerval: 15 til 30 
minutter 



Reduceret 
vejiedende 
HOT safremi 
vind eller 
fligtighed 
skonnes hoj: 
5 til 30 
minutter. 
(andet skon) 



Pilottens skon 
over 

vejrsituationen 
pa baggrund af 
udsynet fra 
cockpittet: 
Sludmaengden 
er snarere let til 
mid del. 
(tredje skon) 



Det minutial 
efter hvilken 
piloien enten 
skal leitc eller 
kore tilbage for 
at afise pany 
skonnes tst p& 
intervallets 
nedre grsnse: 
Her 7 minutter. 
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Apparat 1 



Apparat 2 



1 



Kombinations- 
enhed 



Parametre 



Hold Over Time 
(HOT) , 



Sammensastning 
afnedbor ^ 



Konc. og type af 
anti-ice vaesl<e_ 



Fig. 4 



Apparat 1 



Apparat 2 



Computer 



1 



Kombinations- 
enhed 



Model 



Resultat nu 
► 



Fremtidigt resultat 
► 



Fig. 6 
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Apparat Vs ma- 
hnger af luft- 
baren sue med 
underafkolet 
regn's 

reflektionsevne 
og 

(edningsevnen 
af den msngde. 
der rammer en 
opvarmet ilade 
og temperaturen 
af en anden ikke 
opvamnet flade. 



Apparat 2's 
nialinger af 
vsgten af den 
maengde sne og 
regn som sxtter 
sig pi 

overfladen ved 
en forholdsvis 
langsom 
bevaegelse: 
lOOg/fnVSniin - 
2 inm/time 
vandxkvivaleni. 
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Apparat I'siype 
besiemmelse: 
Sludblanding af 
sne og regn 
sndres gnindet 
apparat 2'sh6je 
vedhxflnings- 
maling til: 
Sludblanding af 
sne og 
underafkolet 
regn. 



Apparat 2's 
videre maling af 
vsgtcn af den 
sne og det vand 
som blsses eller 
slynges af ved en 
forholdsvis 
hurtigere 
bevasgelse, her 
25% 
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14 



^4 
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Forrige type- 
bestemmelse 
aendres grundet 
en rimelig 
vsgtasndring 
ved den 
hunigere 
bevaegelse til: 
Sludblanding af 
bade sne regn 
og underafkolet 
regn hvoraf 
75g=l,5nim/hr 
hsfter til 
overfladcn. 



Brede erfarings 
intervaller for 
sneindholdet 
udfra sigt- 
barhed af sne. 
Sigt 3 statute 
miles giver 1 - 
2,Snun/hr sne. 



Brcde erfarings 
intervaller for 
holdbarhed ved 
sne. iblandet 
regn og isslag: 
Her 15-30 min. 



Snaevrc 
veldcfinerede 
HOT som 
funktion af 
afis 

koncentration 
(75%/25vand) 
og majngde og 
vedhffifinings- 
evne for de nu 
naermere 
bcstemte 3 
komponenter i 
nedboren sne. 
regn og under- 
afkolet regn: 
Her cr75g = 
75%af max 
lOOgsiHOT 
bliver 25% af 
30min = 8min 
±2nun 6- 
1 Omin fordi 
vejenojag- 
tighed er ± 2 g 
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Onsket 
holdbarhed 
Her 12 min. 
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Nodvendig 
afisntngs- 
blandtngstype 
og 

koncentration 
til opnaetse af 
onsket 
holdbarhed: 
Her er 12 min 
midt mellem 
de beregnede 8 
min ved 75% 
afis og 

tilsvarende 16 
minved 100% 
afis hvorfor 
nodvendig afis 
bliver 

S8%afis/12vand 
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Fig. 5 



21 



Apparai Ts ma- 
linger af Jufl- 
barcn nedbors 
temperaiur, re- 
flektionsevne og 
ledningsevne pa 
opvarmet flade 
og deraffolgen- 
jc ncdborstype. 



22 



Apparat 2's 
malinger af ad- 
sorberet nedbors 
vedhsftningsev- 
nc ved en lypisk 
bevsgelse og 
deraffolgende 
nedborscype. 
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Brede erfarings 
imeivaller for 
nedborsmseng- 
de udfra sjgt> 
barbed afsnc 
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Brede erfarings 
iniervaller for 
holdbarhed ud- 
fra nedborstype 
og temperaiur. 
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Snajvre 

veldefinerede 
HOT 

intervaller som 
funktion af 
veldefineret 
nedborstype, 
-mafngde og 
-vedhasftnings- 
evne og brede 
erfarings- 
vaerdier. 



Base over 
tidligere 
opnaede HOT 
pa den 
specifikke 
lokaJitet som 
funktion af 
nedborstype 
m^ngde og 
vedhsftnings- 
evne. 
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Varemaarkestyrelsen 
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Mere 

veldefineret 
HOT interval 
pa den 
specifikke 
Jokalicet lil 
nialetids- 
punkiet. 




Onsket 
holdbarhed 



Fremskrevet 
HOT interval 
p5 den 
specifikke 
lokalhei i 
forhold til 
maletidspunki 
og historiske 
vacrdier. 
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Mere sikker 

nodvendig 

afisnings* 

bJandingstype 

og 

koncentraiion 
til opnaelse af 
onsket 

holdbarhed pS 
den specifikke 
lokaljtet tj] 
maletidspunki et 



Nodvendig 
afjsnings- 
biandingstype 
OS 

konceniration 
til opnSelse af 
onsket 

holdbarhed pa 
den specifikke 
lokaliiet ttl 
and re 

tidspunkter 
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Fig. 7 



